In the present paper, a homogeneous equilibrium model with a barotropic equation of state has been used for modeling cavitation in a real multi-hole microsac nozzle. The turbulence effects have been taking into account by Large Eddy Simulation (LES), using the Smagorinsky model as the sub-grid scale turbulent model and the Van Driest model for the wall damping.
Cavitation modelling
Due to high velocities and pressures that occur in diesel injectors nozzles, the use of a homogeneous equilibrium model (HEM), which assumes that liquid and vapour phases are always perfectly mixed, together with a barotropic 23 equation of state seems to be the most suitable method to model cavitation phenomenon [5] .
24
This barotropic equation (Eq. (1)) relates pressure and density through the compressibility of the mixture, which 25 is the inverse of the speed of sound squared (Eq. (2)):
Eq. (1) can be introduced directly in the continuity equation to formulate a pressure equation, and must be 28 consistent with the liquid and vapour equations of state both at the limits when there is pure liquid or pure vapour, and 29 also at intermediate states when there is a mixture of both phases.
30
At these limits, the density of the liquid and vapour phases can be defined with a linear equation of state:
where ρ 0 l is liquid density at a given temperature condition.
33
The amount of vapour in the fluid is determined with the γ parameter (Eq. (5)), which is 0 in a flow without 34 cavitation and 1 for fully cavitated flows,
where
The density of the mixture is calculated taking into account the amount of vapour in the fluid (γ) together with a 37 correction term based on the pressure (mixture's equilibrium equation of state):
With regard to the mixture's compressibility and viscosity, they are modeled by a simple linear model as a function 39 of the amount of vapour in the fluid:
As far as the methodology used by the solver is concerned, the code starts solving the continuity equation for the 42 density (Eq. (10)):
The value of density obtained, is used to determine preliminary values of gamma and compressibility by means calculate the pressure-free velocity, ⃗ u:
The 
Once continuity has been reached, the amount of vapour, density and compressibility are updated by means of
54
Eqs. (5), (7) and (8) respectively, which are taken into account to solve again momentum equation, and therefore,
55
repeating the algorithm until convergence. The nozzle studied in the present paper is a cilindrical six-hole microsac nozzle (and so, it is inclined to cavitate 58 [7, 8] ) with a diameter of 170 µm, 1 mm of length and a curvature inlet radius of 13 µm.
59
The domain simulated belongs to only one orifice of the whole nozzle in order to reduce the high computational With regard to the velocity, a non-slip condition has been applied at the orifice walls.
73
For validation purpose and subsequent study of the cavitation and turbulence interaction, four simulations have 74 been calculated fixing the injection pressure to 160 MPa and varying the backpressure to 3, 5, 7 and 9 MPa. Each 75 simulation has been run in parallel using 30 processes, needing 90 days to complete 100 µs. In order to asses it, Fig. 3 shows the vapour field averaged (where blue regions correspond to pure liquid and red regions correspond to pure vapour) at seven cross section of the orifice and its standard deviation for the simulation 112 P in j = 160 MPa − P back = 5 MPa, averaging the same time used for the mass flow, momentum flux and velocity results.
113
As expected, the average field shows as the vapour bubbles are distributed along the upper part of the orifice, being 
Conclusions

143
From the present investigation the following main conclusions can be drawn:
144
• A code to model cavitation phenomenon has been applied for the simulation of 3D cavitating flows by Large
145
Eddy Simulation.
146
• An extended validation of the code has been performed in terms of mass flow, momentum flux and effective 147 velocity in a diesel injector nozzle at real operating conditions, showing an acceptable level of confidence.
148
• Cavitation appearance is strongly influenced by the turbulence and vortices development, justifying the separa- The authors would also like to thank the computer resources, technical expertise and assistance provided by the 
